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nhanced
xternal Counterpulsation
hy the Benefit?*
ichael F. O’Rourke, MD, DSC,
unichiro Hashimoto, MD
arlinghurst, Australia
orty years ago, after introduction of the intra-aortic bal-
oon (1), counterpulsation was trialed as a method for
upport of acute heart failure caused by left ventricular (LV)
schemia (2). The first clinical results were published in
968 (3). The technique applied classic pathophysiologic
rinciples for reducing myocardial oxygen demand (reduc-
ion of LV systolic pressure) and increasing capacity for LV
oronary flow (increasing aortic pressure throughout dias-
ole) (4,5). This technique, initially applied in cardiogenic
hock complicating acute myocardial infarction, is now
idely used in cardiac intensive care for stabilizing patients
fter cardiac surgery and myocardial infarction and in
atients with acute heart failure under consideration of
ransplantation or use of another mechanical device.
See page 1208
External counterpulsation was first reported from Tufts
ew England Medical Center in Boston in 1974 (6).
ntroduction was partly based on views that altered pulsatile
ressure and flow in the coronary vessels could have favor-
ble persisting effects on collateral vessels. External coun-
erpulsation lost favor with success of the intra-aortic
alloon method, which was more precise, provided better
upport, and was better tolerated for circulatory support over
ays or weeks in critically ill patients.
The Tufts view on potential persisting benefit reemerged
nd led to trials of enhanced external counterpulsation
EECP) in the 1990s, and the MUST-EECP (Multicenter
tudy on Enhanced External Counterpulsation) in 1999 (7).
n the basis of this randomized “placebo-controlled” (gen-
le pressure) trial, EECP was accepted by the Centers for
edicare and Medicaid Services (CMS) for reimbursement
n treatment of patients with refractory Canadian Cardio-
ascular Society class III to IV angina that in the opinion of
cardiologist or cardiac surgeon was disabling and due to
igh-risk or inoperable coronary disease.
Since the MUST-EECP trial, further studies (but no
andomized trials) have been conducted, typically with 35
*Editorials published in the Journal of the American College of Cardiology reflect the
iews of the authors and do not necessarily represent the views of JACC or the
merican College of Cardiology.r
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ustralia. Dr. O’Rourke is a founding director of AtCor Medical, Sydney, Australia.-h sessions of counterpulsations over a 7- to 8-week
eriod. Summary details are given in the recently posted
MS report (8). Most have shown benefit in management
f angina, but the CMS has declined to extend reimburse-
ent for wider use. In response to initial enquiry (8), CMS
eceived just 79 comments from the public in favor of this,
espite urging of manufacturers. Support appears “under-
helming” and is virtually nonexistent outside the U.S.
Yet EECP still has support from prominent institutions
n the U.S., and there is objective evidence of long-term
enefit, though still not in any trial with an appropriately
andomized control group. Some of this evidence is given in
he paper by Nichols et al. (9) in this issue of the Journal.
Nichols et al. (9) reported on a series of 20 patients with
efractory but stable angina who completed the usual 35 1-h
eriods of EECP over a 7- to 8-week period at the
niversity of Florida-Gainesville. The authors sought evi-
ence of change in the peripheral circulation that may
xplain benefit, on the basis of decrease in LV systolic load
nd of myocardial blood requirements (4,5). This was found
s decrease in large artery stiffness (apparent in delay of wave
eflection), decrease in peripheral wave reflection (decrease
n aortic augmentation index), and decrease in LV tension-
ime index (4) and “wasted energy.” Nichols et al. (9)
ttributed the benefits to improved endothelial function in
eripheral arteries and likened the effects to aerobic exercise
raining, which also has been shown to reduce wave reflec-
ion and thereby reduce central augmentation and aortic and
V systolic pressure (10,11). Nichols et al. (9) used the
phygmoCor system (Atcor Medical Pty Ltd., Sydney,
ustralia) to assess EECP, as they and others have for
xercise (10–12). All but 1 of their patients improved with
ECP, at least to the end of the study period. Others have
escribed benefits lasting for over 1 year from a single course
f treatment (8). Benefits of exercise wear off within 1
onth (12).
Benefits of EECP on endothelial function have been
ttributed to increased flow shear in large arteries in the legs
nd into the trunk as a consequence of rhythmic compres-
ion to the legs (9). This is the same mechanism as proposed
or aerobic exercise (10–12). Can EECP then be viewed as
form of passive exercise? The answer seems to be yes!
The same mechanism as proposed by Nichols et al. (9)
improved endothelial function) has also been proposed by
ockery et al. (13), but those U.K. workers considered that
he principal site was in the coronary arteries with resultant
mprovement in coronary collateral flow. This is the old
ufts hypothesis and is not incompatible with the Nichols
t al. (9) findings, because improved endothelial function
as attributed to change in pulsatile flow and pressure
enerated in the legs but passing into the coronary circula-
ion. Dockery et al. did measure carotid augmentation as an
ndex of wave reflection but could find no evidence of
educed wave reflection. Nichols et al. (9) provided a
easonable response to this anomaly. Applanation tonome-
t
v
c
w
(
u
s
o
g
o
i
t
i
m
m
c
i
b
(
l
v
c
b
p
R
S
N
R
1
1
1
1
1
1
1
1216 O’Rourke and Hashimoto JACC Vol. 48, No. 6, 2006
Editorial Comment September 19, 2006:1215–6ry is notoriously difficult in the carotid arteries (14), and a
ery experienced group could not demonstrate any benefit of
arotid over brachial cuff pressure in predicting outcome of
omen in the Australian National Blood Pressure 2 trial
15). This is not the experience of others (16).
The practical place of EECP in cardiology remains
nclear. The CMS review of 2005 (8) could not identify
ufficient benefit to extend indications for use but did identify
ther factors which may be operative, including patients’
reater opportunity to receive, over an extended period, advice
n rehabilitation, assistance with exercise programs, and more
ntensive drug therapy and counseling. Public comments to
he CMS enquiry (8) included the same points.
The particular value of the Nichols et al. (9) study is that
t exposed a mechanism for reducing anginal episodes that
ight be achieved with less costly and more convenient
easures than EECP, including graded exercise, more
areful supervision, and better use of medical therapy,
ncluding nitrates in patch or oral form. The methods used
y Nichols et al. (9) are simple, validated, and reproducible
16). Explanations are logical and cover most of the pub-
ished observations, as well as anecdotal information pro-
ided to the CMS (8). The Tufts group probably was
orrect in perceiving a long-standing as well as an acute
eneficial effect from mechanical modification of the arterial
ulse waveform.
eprint requests and correspondence:Dr. Michael F. O’Rourke,
uite 810, St. Vincent’s Clinic, 438 Victoria Street, Darlinghurst,
SW 2010, Australia. E-mail: m.orourke@unsw.edu.au.
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